Summary. The release of serotonin from rabbit blood platelets by the alkaline extracts of tissue, originally described by To~ in 1956, was re-examined. The extracts were found not only to cause the release of serotonin on incubation with platelets, but also to inhibit strongly the uptake into platelets of the amine added to the incubation medium. Hardly any apparent damage of platelets was, however, caused by the extracts. The activity of the extracts was dependent on temperature and varied with the tissue used. Extracts of kidney showed the greatest activity. Moreover, the activity was inhibited by the presence of glucose in the incubation medium but remained unaffected after pretreatment with trypsin and chymotrypsin.
"nephrosin" chemically and to elucidate the mode of action by which it might liberate 5-HT in vivo. Toll (1957) reported that an alkali extract of stomach mncosa was as active as that of kidney and these tissue extracts were able to liberate 5-I-IT from rat spleen, but not from the gastro-intestinal tract, when administered intraperitoneally. Confirming these results, ELT,IO~T (1963) provided evidence that the administration of the kidney extract in vivo caused a decrease in the histamine content of the spleen which was accompanied by an increase in tissue weight. The decrease in the splenic amine content was due to liberation of the amine from blood platelets in spleen, but not from mast cells therein. Using neoplastic mast cells as a system for testing amine liberation, GI~MA~ and his coworkers (1960) found that alkali extracts of brain had the greatest activity in releasing 5-HT and histamine and that extracts of lung, duodenum and spleen were as potent as those of kidney.
Concerning the chemical nature of the active principles in the extracts, GIlmAN et al. (1960) described that they were stable to heat, acid and alkali, and could not be separated completely from protein by these and other precipitants or by dialysis. To~ also found that his "nephrosin" could not be extracted by acid or by organic solvents such as ethanol or acetone and that only extraction from tissues with NaOI-I was effective.
Toll employed throughout as the platelet suspension medium a calcium-free, gelatine-containing salt solution which was used origina]ly for preservation of platelets and leucocytes by TuLLIS (1953) . Thus the mode of the amine releasing action of the kidney extract should be independent of Ca++. Nevertheless, Toll (1956) stated that the activity of the extract was inhibited in the presence of agents known to eliminate free Ca ++ ions from the incubation medium, such as EDTA, oxalate or citrate, a rather puzzling fact. Moreover, G~RMAN et al. (1960) found that in those solutions containing glucose, such as Hank's and Locke-Lewis', the potency of the brain extract was markedly inhibited while in Tullis-Toh's solution the extract caused some apparent damage to the cells, and suggested that this effect of glucose might be attributable to an increased metabolic activity opposing a nonspecific damaging action of the extracts on the cell membrane.
As already observed by PAASO~ (1965) , discrepancies between the results reported by different investigators might be due to differences in the composition of the cell suspension media used. A series of observations have been carried out to test whether an active principle or principles having glucose-sensitive 5-HT releasing activity in TullisToh's suspension are actually present in alkali tissue extracts. The available evidence suggests that they might be unsaturated fatty acids, a conclusion which disagrees with the observations of GIAI~IA~ et al. (1960) . The present paper reports findings that provide support for such a conclusion. The mode of action of these substances will be reported in a separate paper. A preliminary communication concerned with part of this work has already appeared (Smo, KAWAGVC~I, and MASU~URA, 1967) .
Methods and Materials
Tissue Extract. The extraction procedures were essentially similar to those reported by To~ (1956 To~ ( , 1957 . Ten to one hundred g fresh kidney (rabbit or pig) was freed from surrounding fatty and fibrous tissues as far as possible and chopped into pieces with scissors. In some experiments, brain, liver, stomach and skeletal muscle of rabbit were also used. Alkali extraction was carried out, as described by To~ (1956) , by heating the chopped tissue in 0.2N NaOH (1.5 ml per g tissue) at 55 ~ C for 60 min and at 85 ~ C for 3 min in succession. After cooling, the mixture was neutralized to pH 7.4 with 1 N-HC1. The mixture was filtered through a sheet of gauze and the filtrate was centrifuged at 1,000 g for 30 rain. Approximately 1 ml per g original tissue of a slightly brown solution was obtained after appropriate dilution with saline and used as a crude extract. With regard to further purification of the crude extract, see the "Results" section.
Platelets. A carotid artery of unanaesthetised rabbit (both sexes, 1.8--2.3 kg were used) was cannulated with a polyethylene tube and blood was collected in a siliconized flask containing 1~ disodium EI)TA in 0.90/0 sodium chloride in a volume equal to one ninth of the volume of blood collected. Red and white blood cells were removed by centrifugation of the blood sample at 1,000 g for 4 rain. The supernatant was transferred into another tube and centrifuged at 1,000 g for 30 rain. The creamy pellet of platelets thus obtained was suspended in TullisToh's solution in a volume approximately the same as the original blood volume and washed 3 times by centrifugation in the same solution. Finally, contaminating red cells and clumps of platelets were removed by centrifugation at 1,000 g for 2--3 min. The final suspension was stored at 4 ~ C until assay, but was never stored for more than 2 hrs. All glassware which came into contact with platelets had been previously siliconized. (Shin-etsu Kagaku, heating at 70 ~ C for 3 hrs.) Table 1 Composition of Tullis-Toh's solution used: NaC1 0.750/0 KC1 0.02 NaHCO 3 0.1 7 parts Na acetate 0.1 Gelatine 0.1 M/15 Na phosphate buffer, pH 7.4 1 part
Incubation. The platelet suspension was divided into an appropriate number of aliquots. The tissue extract, crude or partially purified (equivalent to 2--50 mg fresh tissue), and other substances if required, were added, the temperature being kept at 4 ~ C. The platelet count of the final suspension was adjusted to the range of 2--4: • 107 platelets per ml. The volume of the extract added did not exceed 1/10 H. Smo: of the total volume. For the control experiments, a corresponding volume of saline was added in place of the extract. Incubation was carried out in a water bath at the required temperature for each experiment.
Microscopic Observation. A drop of platelet suspension was spread between thin films of polyvinyl acetate and observed directly under a phase contrast microscope. To count platelets, the suspension fluid was mixed with the same volume of 1~ ammonium oxalate (BREc~v,~ and CRONXITE, 1950) and placed in a counthug cell.
By repeated observations, it was confirmed that incubation with the alkali tissue extract caused neither aggregation of blood platelets nor a marked decrease in the number of platelets in the incubation media, even with a dose of extract as high as 100 mg tissue equivalent per ml of suspension. followed. After incubation, platelets were collected by centrifugation and 5-HT was extracted with 4 ml 0.2N HC1. In the experiments on 5-tIT uptake, the platelets were washed once with cold Tullis-Toh's solution before extraction of 5-ItT.
Protein precipitation was omitted. After centrifugation, the supernatant was transferred to a test tube containing 1.3 ml 12N HC1 and the 5-HT content was immediately estimated with a Farrand spectrophotofluorometer (activation at 295 m~ and fluorescence at 540 m~z: uncorrected).
In some cases the amount of 5-HT in the superuatant was also determined fluorometrically or by bioassay on the rat stomach fundus (VA~, 1957) to check whether the 5-HT lost from the platelets could be recovered in the suspension medium. Under the conditions used in the present experiment, the total recovery was always found to be satisfactory (90--100~
Gel ~iltration. Sephadex G-200 (Pharmacia Fine Chem.) was suspended in 0.90/0 NaC1 solution and packed in a column (15 • 300 ram, bed volume 40 ml), its void volume estimated with Blue Dextran 200 (Pharmacia Fine Chem.) being 12 ml. Usually 1 ml of extracts corresponding to 2--3 g fresh tissue was applied and eluted at 4 ~ C with 0.90/0 NaC1 at a flow rate of 1 ml/min. The effluent was collected in 4 ml portions and 5-HT releasing activity and protein content were determined. For protein determination the method of LowRy et al. (1951) was used with bovine serum albumin (Armour, Fraction V) as the reference protein.
Extraction o/Active Principles with Organic Solvents. The details are described in the results section. Based on the results obtained in preliminary experiments, the following standard procedures were finally adopted. To partially purify the active principles in Toh's alkali tissue extract, the tissue was extracted with 0.2N ~aOH as described above and ethanol was added to the extract to a final concentration of 700/0 (v/v) and the precipitate was removed by filtration. After the filtrate was concentrated in vaeuo to remove ethanol as far as possible, it was made alkaline with N NaOH, washed with 4 volumes of diethyl ether, then acidified to pH 2 with N HC1 and shaken with 4 volumes of diethyl ether. This ether extract was dried in vacuo, and the residue was extracted with dry acetone. After evaporating the acetone off in vacuo, the residue was dissolved in small amount of diethyl ether and examined by thin-layer chromatography (TLC).
Thin-Layer Chromatography (TLC).
Two TLC systems were employed. In system I, chromatoplates (0.25--0.50 mm thick) of silica gel G (Merck) were activated in an oven at 110~ for 30 rain before use. The samples, dissolved in diethyl ether, were applied to the plates and development was carried out by the method of NOI)A and IKEOA~V~ (1960) using a mixture of petroleum ether (b. p. 30 to 60 ~ C), diethyl ether and glacial acetic acid (80:30:1) as the solvent system. After developing until the solvent front had moved 15 em, the plates were allowed to dry and the substances on them were visualized either by spraying with 50~ H2SO 4 followed by heating or by exposure to iodine vaponr. In system II, 60 ml of 12.5~ AgNO s solution was added to 30 g of silica gel G before spreading on the glass plates and the solvent system for development was prepared according to MATSVC~A and MITSU~ASnI (1965) , i.e. a mixture of petroleum ether, diethyl ether and glacial acetic acid (90:i0:1). The substances on the ehromatogram were again visualized by spraying with 500/0 It=SO I.
The following substances were used as reference compounds: cholesterol (Merck), phosphatidyl ethanolamine purified from bovine, erythrocytes, (kindly donated by Dr. A. Ini~aan~i), stearic, oleic, linoleic and linolenic acid (Sigma), rocheand tristearin (Nakarai chemicals), bis-homo-y-linolenic acid (kindly donated by Dr. KAJITA).
To test the 5-HT releasing activity on blood plateiets, the zones corresponding to the reference compounds were removed with a spatula and extracted twice with diethyl ether. The ether extracts were dried and the residues were resuspended in normal saline.
Results

Effects o/the Alkali Extract o] Kidney on Endogenous 5-HT o/ Blood Platelets
Incubation of blood platelets in Tullis-Toh's solution at 37~ for 60 rain liberated 10--20~ of the endogenous 5-HT. At a lower temperature, the spontaneous release of the amine appeared to be somewhat less, but no significant difference was observed.
When the alkali kidney extract corresponding to 20--50 mg of fresh tissue was added to the platelet suspension, a large decrease in platelet 5-HT (about 50--100%) occurred during incubation at 37 ~ C for 60 rain. At the same time, the 5-HT in the suspension medium was increased by an amount nearly equivalent to the platelet 5-HT lost, a fact which indicates that the endogenous platelet 5-HT was not metabolized but mainly released into the medium. As shown in Figs. 1 and 2, such a 5-HT release by crude kidney extract was found to be time-, doseand temperature-dependent. In spite of the nearly complete liberation of the endogenous 5-HT (more than 80%) produced by the kidney extract, neither aggregation of platelets nor a decrease in platelet count was observed. In view of these findings, the 5-HT releasing action of the alkali kidney extract cannot be attributed either to disintegration or to obvious damage of the platelet. Of course, some slight damage of the platelets such as suggested by GIA~MAN and his coworkers (1960) could not be completely excluded and this might contribute partly to the leakage of platelet 5-HT into the medium. The results presented seem to support Toh's view that the observed effect is chiefly due to the presence in the alkali extract of an active principle or principles capable of releasing 5-ItT from the platelets.
Using crude alkali extracts prepared from various tissues, the distribution of such a 5-HT releasing activity among some organs was Table 2 and are in fairly good agreement with those reported by To~ (1956) . Almost complete 5-ItT release was observed by incubation at 37~ for 60 min with crude alkali extracts of 100 mg tissue equivalent per ml obtained from brain or kidney (95 or 93 ~ respectively). Stomach extract in the same dose was next in order of activity and extracts of liver or skeletal muscle were rather less active. When the tissue distribution was compared using ethanol-ether treated alkali extracts (10 mg tissue equivalent per m]), no significant differences in the extent of 5-HT release was observed.
E/leers o/Alkali Kidney Extract on the Uptake o/5.HT by Blood Platelets
As has been well established (Itv~'~n~Y and Toll, 1954; SAgo et al., 1958; HVGHES and B~ol)IE, 1954; Bon~ and G~soN, 1959; DAvis and KAY, 1965) , platelets are capable of concentrating 5-HT from the surrounding medium on incubation at 37 ~ C, and an active process is suggested to explain the uptake against a concentration gradient. When authentic 5-t{T creatinine sulfate (Merck) in a concentration of 7.5--30 ~g per ml was added to the incubation medium, the platelcts showed a significant amine uptake, while in the presence of the alkali kidney extract (100 mg tissue equivalent per ml) the 5-HT content of platelets never reached the original endogenous amine level, even when 5-HT in a concentration of 250 ~g/ml was added to the incubation medium. Glucose (5.5 raM) in the medium not only increases the 5-HT uptake by the control platelets but also counteracts the inhibitory action of the kidney extract. On the other hand, ATP (2Na, Sigma) (1 mM) showed hardly any effect on the amine uptake in the presence or absence of the extract. Probably the Mg ++ free Tullis-Toh's solution employed might be responsible, for the results are inconsistent with the previous finding reported by SANO and his collaborators (1958) who, using an incubation medium containing Mg ++ for activation of platelet ATPase, suggested a potentiating effect of ATP on 5-HT incorporation into blood platelets.
An example of such a series of experiments is presented in l~ig. 3. As seen in the figure, it is obvious that the addition of the extract caused a downward shift of the uptake curves and gave them a slope less than that of the control curves, while the presence of glucose in the incubation medium not only markedly reduced such a downward shift but also made the uptake curve steeper and almost parallel with the control (Fig. 3B) .
It seems worth noting that the platelets, once treated with the extract to liberate their endogenous 5-HT, could incorporate 5-tIT (Fig.4) , a fact supporting the view that the 5-HT liberation with the alkali kidney extract is not solely due to serious damage of the platelets. suspension (2 • 10V/ml) was incubated with 100 mg tissue equivalent/ml of the alkali kidney extract at 37 ~ C for 60 rain, followed by centrifugation in the cold (mark W) and resuspension in a fresh 5-tiT-containing medium, and submitted to a second incubation. ~ recovered 5-HT in the platelet pellet (ordinate) is plotted against the incubation period in minutes (abscissa). Control experiments in which preincubation as above was omitted arc also shown in open circle
Isolation (Partial Puri/ication) o/ Active Principle(s) [rom the Crude Alkali Extract o/Kidney with Ethanol and Gel Filtration
The crude alkali extract of kidney contained much protein and protein hydrolysis products and was brownish. To remove these substances, at least partially, precipitation with ethanol was tried and found to be effective.
Ethanol was added to a crude extract to a final concentration of 70~ (v/v). After standig for 5 min, the mixture was filtered and the filtrate was evaporated down almost to dryness in vacuo in a rotary film evaporator. To remove ethanol from the solution completely, the concentration in vacuo was repeated twice and the condensed material was resuspended in an appropriate volume of distilled water. The precipitate was re-extracted with NaOH in the same way as in the preparation of the crude extract.
The 5-I-IT releasing activity was mostly recovered in the ethanolsoluble fraction. When compared in terms of unit weight of the fresh tissue, the activity extracted with 700/0 ethanol was rather higher than that in the crude extract (Fig. 1) . The activity re-extracted from the precipitate with ethanol was found to be far less than that recovered in the filtrate, so that such a re-extraction was practically unnecessary; when compared in terms of mg fresh tissue equivalent necessary to obtain 50 ~ release, the former is not more than one twentieth as active as the latter. The 5-tIT releasing activity of such an ethanol-soluble fraction was also found to be temperature-dependent and counteracted by glucose, as was that of the crude extract. Thus the ethanol precipitation procedure proved to be an aid in concentrating the active principles in the extract.
Using this procedure, the optimal NaOtI concentration for extracting the activity from the kidney was examined. The kidney extracts were prepared with 0.2, 0.1 and 0.05N NaOH and then treated with ethanol as described avove. With a dose equivalent to 40 mg tissue per ml, these extracts showed 100, 51 and 250/0 release of platelet 5-HT respectively. When a concentration of NaOtt higher than 0.SN was used, the tissue homogenates became too viscid to handle. This indicates that 0.2N NaOH, as used by To~, is the optimal concentration for the extraction of the active principle(s).
One ml of an ethanol-treated extract of kidney (corresponding to 2g fresh tissue) was applied to a column of Sephadex G-200 and eluted with 0.90/0 NaCI. As seen in Fig.5 , the activity was totally recovered in the fraction corresponding to the void volume. This fraction had an opaque, emulsion-like appearance, while most of the protein was eluted ater when the eluate had a light brownish colour. The activity recovered (scaled on the left-hand side) on incubation with platelet suspension, and protein content (sealed on the right-hand side) estimated in each tube of eluant (effluent volume on abscissa). Closed circle: ~ 5-HT releasing activity by 50 mg tissue equivalent/ml. Effect of glucose (0.1~ on the activity of some fractions (using the same dose of extract) is also shown as a dotted line. Open circle: protein content after gel filtration was also inhibited by adding glucose (5.5 raM) to the incubation medium. It seems highly probable, therefore, that the substance(s) having 5-HT releasing activity might be somewhat hydrophobic and of lipid nature. Indeed, the active principles in the ethanol-treated extracts were found to be not only stable to heat, acid and alkali but also to incubation with trypsin and chymotrypsin. These findings led us to attempt their isolation using procedures for lipid purification.
Extraction with Organic Solvents a) Chloro/orm, Diethyl Ether and Petroleum Ether.
After the alkali kidney extract was treated with ethanol as described in the previous section, the concentrated watery extract was shaken vigorously with two volumes of chloroform for 3 rain and the organic phase was separated off after centrffugation. This extraction procedure was repeated twice. The organic phases were combined and evaporated in vacuo, the residue being taken up in a small volume of 0.90/0 NaC1 solution. The aqueous phase was also condensed to the smallest possible volume and then diluted with distilled water. The process was repeated to remove the chloroform completely. The residue was then dissolved in distilled water. When the 5-tIT liberating activity was measured on both samples, it was found that the activity was recovered mostly in the organic phase.
When diethyl ether was employed instead of chloroform, the activity was also recovered mostly in the ether phase, while extraction with petroleum ether (b.p. 300--60 ~ C) was found to be less effective than chloroform or diethyl ether.
In these experiments, the pH of the aqueous phase was in the neutral range. When the aqueous phase was made alkaline by adding 0.2N NaOIt, the activity recovered in the diethyl ether phase, was greatly reduced. When acidified with N ItC1, almost all the avtivity could be extracted by a single extraction with ether. For instance, an active sample equivalent to 3g fresh tissue was prepared by the chloroform extraction described above, suspended in 1 ml of 0.2N NaOH and shaken with 4 ml of diethyl ether for 3 rain. The ether extraction was repeated, but hardly any activity was recovered in the ether phase. On the other hand, when this alkaline solution was acidified to pit 2 with N I~IC1 and extracted with 4 ml of ether, almost all the activity could be transferred to the ether. These results suggest the acidic lipid nature of the active principles.
b) Extraction with Homogenization o/ Tissues in a Chloro/orm-methanol Mixture.
In view of these results, total lipid extraction of rabbit kidney was attempted; the kidney tissue was homogenized directly in 20 volumes (v/w) of chloroform-methanol mixture (2:1 v/v) and filtered, the filtrate being washed with one-fifth volume of 0.730/0 ~NaC1 solution after FoLc~ et al. (1957) . The aqueous phase was removed and the total lipid extract was dried and resuspended in 0.90/0 NaC1 solution. This suspension showed no 5-HT releasing activity even with a dose equivalent to more than 100 mg tissue per ml in the incubation medium. Such a result is not so unexpected because of the poor solubility of the lipid in salt solution. When the material suspended in saline was treated with 0.2N NaOH as used for preparation of Toh's extract, the activity appeared and in a dose equivalent to 20 mg tissue per ml was sufficient to cause the nearly complete liberation of 5-HT from the platelets. A concentration of NaOH below 0.1N seemed to be less effective in activating a chloroform-methanol tissue extract. c) Acetone. When dried material equivalent to 3g tissue obtained by extraction with chloroform or diethyl ether was washed twice with 4 ml of dry acetone at room temperature and the 5-HT releasing activity of each acetone-soluble fraction and the residue after drying in vacuo was tested, it was found that the activity was mostly recovered in the first acetone washing, the second washing and the residue showing little or no activity. Thus, it was demonstrated that the active principles in Toh's alkali tissue extract were probably of an acidic lipid nature but his alkali treatment was also necessary for their being active in Tullis-Toh's solution. Such drastic alkali treatment is expected to cause hydrolysis of lipids. It seems most likely, therefore, that fatty acids split off from their bound form and/or converted into a certain active configuration are responsible for the activity. If so, the difference in the activity per unit weight of fresh tissue between kidney and, for instance, liver shown in the Table appeared not to be significant. When the activity of various tissues was compared using the extract purified as stated above, the doses which caused nearly complete liberation of platelet 5-HT were found to be not so different from each other when referred to the fresh tissue weight (Table. 1 the degree of purification might be explained by the presence of some interfering substances, like glucose, in the alkali extract. The difference in the effectiveness of extraction of the active principles from the different tissues might also be responsible for the results presented in the Table. When extracted with alkali by Toh's method, the tissue became very slimy and viscid, to an extent which varied from organ to organ and so might have interfered with the extraction of the active principles.
Separation o] Active Principles with Thin-Layer Chromatography. Using either Toh's alkali extract of rabbit kidney or the chloroformmethanol (2:1) extract activated with 0.2N NaOH, the isolation of the active substances with thin-layer chromatography (TLC) was attempted and both crude extracts were found to be identical with each other with respect to their active principles, using at least two TLC systems.
The alkali kidney extract was treated successively, as stated in the previous section, with 700/0 ethanol, acid ether and acetone, while the treatment with 70~ ethanol was omitted for the chloroform-methanol extract. The acetone was evaporated off in vacuo, and the residue dis.
solved in a small volume of diethyl ether and applied to chromatoplates. With TLC system I, the activity was localized in many cases only in the region corresponding to free fatty acids (Fig.6A) , but in some cases it spread to the region corresponding to cholesterol (and diglycerides), a result which might be due to tailing. On the other hand, hardly any significant activity was recovered from the regions corresponding to phospholipids, tri-and monoglycerides and esterified sterols. Indeed, authentic cholesterol, and tristearin were found to be ineffective in liberating platelet 5-HT irrespective of whether they were treated with 0.2N NaOH or not. The active spot in system I was stained with H2SO 4 and also with iodine vapour, a fact suggesting that the active substance or substances might be unsaturated. To separate saturated fatty acids from unsaturated ones, therefore, AgNOa-impregnated chromatoplates (system II) were tried; the active portion obtained from chromatoplates of system I (the free fatty acid fraction) was dissolved in diethyl ether and applied to the plate without methanolysis. Stearic, oleic and linoleic acids were used as markers for saturated, mono-and di-enoic compounds respectively. As seen in Fig.6B , there were five spots on the chromatogram, one of which corresponds to saturated acids; the remaining four were divided into two groups corresponding to mono-and di-enoie substances respectively. The spot corresponding to saturated fatty acids had no activity, whereas the other two groups were found to have 5-HT releasing activity, their action being opposed by the presence of glucose in the incubation medium. Such a finding indicates that the activity of the alkaline tissue extract might be attributable, partly at least, to some kinds of unsaturated fatty acids. Since the chloroform-methanol extract of kidney is inactive without the alkali treatment, it might be said that these active unsaturated fatty acids were liberated from their bound state (e. g. glycerides) by hydrolysis with NaOtI at a rather high temperature.
Serotonin-Releasing Activity o/ Unsaturated Fatty Acids
The results presented above strongly support the view that unsaturated fatty acids are responsible for the 5-HT releasing activity of alkaline tissue extracts. This led us to test naturally occuring fatty acids for their 5-HT liberating activity. As shown in Fig. 7 , mono-(oleic) and di-enoie (linoleic) fatty acids were found to be capable of liberating 5-HT from blood platelets and their activity was inhibited by glucose, as is that of the tissue extracts. Saturated (stearie) and trienoic (linolenic) acids have little or no activity. These active authentic fatty acids remained effective in their 5-tIT releasing action even after treatment with 0.2N NaOtt, so that these fatty acids are active by themselves, and do not require an alteration in their chemical structure by the alkali treatment. Since neither a systematic survey of the activity of various fatty acids nor identification of active substances in the extract has been accomplished, it is still not known what specific structure is required for such an amine releasing activity. It is naturally expected, however, that the active enoie acids such as oleic and linoleic acid are present in the alkaline tissue extract in a considerable amount. The activity of the tissue extract reported by To~ is, therefore, attributable, partly at least, to these fatty acids. Furthermore, it seems of importance to note here that a new type of 5-HT releasing substance was found in tissues.
Discussion
Confirming the earlier findings, the present study also clearly demonstrates the presence in the extract of some tissues of an active factor or factors capable of causing the release of 5-HT from blood platelets. The results presented above strongly suggest further that the 5-I-IT releasing activity of the alkali tissue extracts is mainly, if not solely, attributable to unsaturated fatty acids.
It has already been reported by ToK (1956) , that neither acid nor fat solvents, such as acetone or ethanol, were effective in extracting his "nephrosin" from the kidney tissue, a fact suggesting that any active principle or principles in the extract were hardly of lipid nature. As shown above, however, the chloroform-methanol (2:1) extract of kidney tissue is active in liberating platelet 5-tIT only after the alkali treatment. Moreover, it was confirmed that the treatment with 0.2N NaOH employed by Tog for extraction was necessary for complete extraction of the active principle(s) or complete activation of inactive chloroform-methanol extracts, more dilute alkali being not so effective. It can be concluded that our results are not incompatible with his findings.
Since the amine releasing activity of the crude alkali extract of kidney tissues was found to remain nearly unaffected after treatment with proteolytie enzymes, it is not likely to be of protein or polypeptide nature, as suggested by GIA~r~A~ and his coworkers (1960) or A~CH]sR (1958) .
Indeed, our active fraction could be solubilized into 70~ ethanol, separated from main protein fractions by gel filtration through Sephadex G-200 and showed the opalescent appearance of an emulsion, a finding which suggests its hydrophobie nature. Of course, there remains a possibility that our substance(s) having the 5-HT-releasing activity were originally a constituent or constituents of tissue (lipo-) protein and the extent to which they were split off depends upon the conditions of the tissue extraction. If so, our findings would not necessarily contradict the results reported by these investigators. Otherwise, the active substance(s) presented by them are quite different from ours.
The 5-HT-releasing activity of the tissue extract prepared with chloroform-methanol (2:1) was observed only after treatment with NaOH. With such a treatment, all glycerides are thought to be completely hydrolyzed and so excluded from the substances which might have the 5-HT-releasing activity. Considering the evidence obtained by partitioning between aqueous acid and diethyl ether and from the TLC experiments, we feel that mono-or di-enoic fatty acids are responsible for the 5-IlT-releasing activity of the tissue extract. In an earlier finding reported by SHO~ and his collaborators (1963) , in which sodium salts of Cls_22 saturated fatty acids were found to release 5-I-IT from platelets in the presence of Ca++ and blood plasma, the amine release by these substances was attributed to platelet aggregation. In this investigation, the sodium salts of unsaturated fatty acids such as oleie, linoleic and linolenic were tested, but no 5-tiT-releasing activity was observed.
Such a discrepancy might be due to the presence of glucose in the plasma that was used as the incubation medium by SHO~E et al. (1963) .
Our pilot experiment showed that even concentrations of glucose as low as 0.27 mM caused a considerable inhibition. As presented above, however, our active substance(s) required neither Ca ++ nor blood plasma to liberate 5-tIT from the platelets. Indeed, under the conditions used in the present study, stearie and behenic acid were found to be practically ineffective in liberating platelet 5-HT even after treatment with NaOH, while some authentic mono-and di-enoic acids proved to have 5-HTreleasing activity (Fig.6) . Moreover, the possibility of occurrence of platelet aggregation could be safely excluded, since hardly any change in the platelet count was observed after incubation with our active substances(s) in a dose sufficient to cause nearly complete release of platelet 5-HT. Platelets which had their endogenous 5-HT liberated by pretreatment with active extracts were capable of taking up exogenous 5-HT (~g.4).
Of course, the possibility could not be excluded that unsaturated fatty acids cause some damage or alteration of platele~ membrane, as suggested by GI~MA~ et al. (1960) , leading to 5-tIT leakage. It was found that our active components not only caused a temperaturedependent 5-HT liberation from the platelets but also suppressed their 5-tIT uptake, both effects being counteracted by glucose. Such an effect of glucose might be expected, as GIARMAN (1960) pointed out, ff the active fatty acids had a nonspecific damaging action on the cell membrane which could be opposed by an increased metabolic activity. As an alternative, however, it seems also possible that they act, partly at least, on the pump system of platelets which requires energy. Further detailed investigation is needed and some experiments are now in progress in this laboratory. The action of saturated fatty acids on platelet 5-HT observed by SHO~W and ALPE~S (1963) appears not to be responsible for the 5-HT-releasing activity of Toh's extract.
Various types of mono-and di-enoie acids are present in animal tissues, some in the bound form, such as glycerides, others in the free form, and the former are readily hydrolysed with the treatment used for preparation of the alkaline tissue extract. If these acids are really reponsible for the observed activity in the extracts, it is not surprising that Toh's nephrosin activity could be detected not only in kidney, as reported originally by To~ (1956) , but also in other tissues such as stomach (Toll, 1957) and brain as reported by GILMAN and his coworkers (1960) . The pattern of the organ distribution of the activity first reported by Toll and confirmed in the present experiment using crude extracts might be attributable to the difference between respective organs in factors affecting effectiveness of extracting active components (e.g. the presence of interfering substances, viscosity of the tissue mass resulting from strong alkali treatment). Indeed, when tissue extracts were treated with ethanol and acid-ether, the activity recovered per g tissue of brain and liver was found to be nearly in the same magnitude as that of kidney. Results obtained with the crude extract as reported by Toll could be said, therefore, not to reflect the real distribution between the organs of the active principles(s).
To summarize, the present study strongly supports the view that unsaturated fatty acid(s) are responsible for the 5-HT-releasing activity of the alkali tissue extracts. It has not yet been possible to ascertain a definite enoic acid or acids as the active principle(s). So far as we know, however, it might be the first report of such enoic acids as 5-HT liberators. Though the enoic moiety seems to be essential to cause 5-HT liberation from blood platelets, the contribution of other factors, such as number of carbon atoms, keto or hydroxy groups, or cyclization, as in the prostanoic acids, should be explored.
